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Description 

Field of the Invention 

The present invention relates generally to polymeric materials having increased ability to bind albumin 
from a physiological fluid containing albumin, and more particularly to biomaterials used as components of 
medical devices comprising said polymeric materials. 

Bacl(ground of the Invention 

A. Iatrogenic Effects of Implantable Devices 



Implantable medical devices made of various materials may cause a number of iatrogenic effects in 
patients. Rrst. catheters, artificial heart valves, artificial joints, shunts, implanted leads for electrical 
stimulation devices, and vascular grafts can serve as foci for infection of the body. Infection is promoted by 
the tendency of bacterial organisms to adhere to the surfaces of implantable devices and. while adherent, to 
resist destruction by phagocytic cells that normally would destroy these organisms. 

Second, catheters, vascular grafts and other implantable devices also tend to serve as a nidus, or focus, 
for the formation of thrombi (blood clots). This Is because the surfaces of the implanted materials may 
activate non-cellular plasma clotting factors. Furthermore, platelets which adhere to the surfaces of these 
materials become activated and form thrombi. The procoagulant activities of many materials can prevent 
their use in vivo, or can greatly diminish their useful lifetime, as in the case of vascular access devices such 
as catheters. Finally, even materials which are chemically inert may act as foci for the formation of 
inflammatory lesions such as granulomas, resulting, in many cases, in the necessity for removal of the 
25 implanted device. 

Therefore, there Is a need for methods to render the surfaces of implantable materials less throm- 
bogenic. less pro-inflammatory and less receptive to potentially Infective bacteria. 
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B. Modification of Thrombogenic Materials 
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The development of implantable medical devices such as artificial organs has been hampered by the 
lack of suitable synthetic materials which are biologically and chemically stable when contacted with 
physiological fluids, particularly blood. For example, many conventional plastics and resins, including even 
highly inert materials such as silicones, are not suitable for long term contact with blood because they are 
too thrombogenic. See Wright et al., U.S. Patent No. 3.625,745. However, anticoagulants can be bound to 
the surface of biologically inert materials to impart antithrombogenic characteristics to the materials. For 
example, a coating of the anticoagulant heparin on silicone rubber improves the antithrombogenic char- 
acteristics of the rubber. See Gajewski et al., U.S. Patent No. 3,585,647. 

Quatemary amines have been bound to polymer surfaces, followed by the binding of heparin thereto. 
40 See Leininger et al., U.S Patent No. 3,167,344. In contrast, H. M, Grotta disclosed a method in U.S. Patent 
No. 3,846,353 in which heparin is complexed with a quaternary amine prior to coating the complex onto the 
polymer surface. Both the Leininger et al. and Grotta methods have the disadvantage of being non- 
pemianent or leachable systems; i.e. the heparin would gradually be lost from the polymer material into the 
sun-ounding medium. In general, ionically bound systems have limited viability due to the instability of the 
45 anticoagulant. See Solomon et al., U.S. Patent No. 4.600,652. 

Therefore, there Is a need for implantable materials in which the biologically active ingredient (such as 
an anticoagulant or an agent which might suppress inflammatory response or bacterial adherence) retains 
its activity in an essentially permanent and non-leachable fashion when the material is exposed to a 
physiological fluid for extended periods. 



50 



C. Albumin Selectivity 



Albumin Is the predominant plasma protein, readily soluble in water and in constant contact with the 
luminal surface of the vascular endothelium. The vascular endothelium itself imparts several desirable 
55 characteristics to the walls of blood vessels, including diminished tendency to promote coagulation, reduced 
attractiveness for inflammatory, phagocytic cells, and increased ability to resist colonization by pathogenic 
bacteria. 
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In its normal configuration, albumin does not promote clotting nor attract inflammatory cells, it would be 
desirable to coat the surfaces of medical devices with albumin, thereby Imparting these same characteris- 
tics to the surfaces of biomaterials. Therefore, there is a need for procedures to selectively adsorb albumin 
to the surface of implantable devices in order to yield Implantable materials with these desirable char- 
acteristics. 

Coating surfaces with albumin apparently reduces their thrombogeniclty. although the reasons for this 
effect remain unknown. See T. H. Maugh II. Science . 217. 1129 (1982). Workers have investigated 
numerous ways to attract albumin to polymer surfaces. For example. D, J, Lyman of the University of Utah 
has sought to synthesize new or altered polymers that have an intrinsic attraction for albumin. Lyman has 
worked primarily with block copolymers of polyethers and polyurethanes. See T. H. Maugh. supra . 
Additionally, R. E. Eberhart and M. Munro of the University of Texas have found that alkylating polyurethane 
with C16-C18 hydrocarbons results In polymers with very high selectivity for albumin In blood. See T. H 
Maugh, supra . — 

In contrast with methods for increasing the in vivo intrinsic attraction of implantable materials for 
75 albumin, other researchers have studied methods of binding albumin directly to the surfaces of medical 
materials prior to implanting them in the body. For example, Hoffman and Schmer (U.S. Patent No. 
3.826.678) disclose the chemical bonding of biologically active molecules including albumin to hydrophilic 
hydrogels previously radiation-grafted to inert polymeric substrates such as polyurethane and silicone. 
Feijen et al. (U.S. Patent No. 4.526.714) disclose a process for the preparation of a conjugate of a water- 
20 soluble protein such as albumin with an anticoagulant such as heparin. The conjugate, which comprises a 
coupling agent such as 1-ethyl-3-dimethylaminopropyl carbodiimide (EDC). forms amide linkages between 
the heparin and protein. The conjugate is disclosed as suitable for coating surfaces of medical materials. 

A disadvantage of prior attempts to attract and/or to bind albumin to polymeric surfaces has been the 
tendency of components of the substrate material to denature or disrupt the noncovalent structure of the 
25 albumin. Such conformational changes can cause a loss of biological activity of the protein. Protein 
denaturation can also be induced by the changes in temperature and pH which are encountered in albumin- 
binding reactions. Furthermore, like the soluble albumin which circulates in the plasma, albumin irreversibly 
bound to a surface is susceptible to ultimate destruction, thereby negating any advantageous effects the 
bound albumin might have imparted to the surface. 

Therefore, there is a need for implantable medical materials which selectively bind albumin, which do 
not denature the bound albumin, and which foster the spontaneous replacement of any previously bound 
albumin which has been lost or destroyed. 



Summary of the Invention 

35 

The present invention provides biocompatible prosthetic devices comprising polymeric materials which 
incorporate certain dyes as disclosed herein that have a high and selective affinity for albumin when 
exposed to a fluid containing albumin, such as a physiolgical fluid. Accordingly, the present invention 
provides a biocompatible prosthetic device comprising a solid polymeric body incorporating an amount of 

40 an albumin-binding dye effective to form a coating of endogenous albumin on the device when the device is 
in contact with a physiological fluid containing albumin. The albumin-binding dye preferably comprises an 
aromatic albumin-binding dye which comprises a diazo dye. a sulfonic acid dye, or the physiologically- 
acceptable salts thereof. In a preferred embodiment of the invention, the albumin-binding dye is present in 
a conjugate also comprising a physiologically-acceptable, high molecular weight, water-soluble polysaccha- 

45 ride such as dextran. 

In another preferred embodiment of the invention, a polymeric body is provided which comprises the 
dye/polymer conjugate in an amount effective to bind albumin to the surface of the polymeric body. In 
addition to serving as a coating for. or being cast into, a biocompatible prosthetic device, the polymeric 
body may be formed into a thin film, a tube, or the like. 
50 The present invention further provides a method of increasing the albumin-binding ability of a prosthetic 
device. 

Advantageously, unlike nonmal foreign surfaces, the "derivatized" materials of the present invention 
apparently do not denature the albumin protein upon Its adsorption to the materials. Additionally, prosthetic 
devices made of the present materials are markedly less thrombogenic and attract fewer platelets than 
55 devices made of commonly used medical materials. Furthermore, the surfaces of the present devices 
accumulate fewer adherent bacteria than devices which do not incorporate the dyes or dye/polymer 
conjugates disclosed herein. 



3 



EP 0 414 848 B1 



nh„^^."^-^r''f!i"' ^ ''^"^°9e"°"s albumin- refers to the albumin which is normally oresent in a 
S T T ^"^"^ P'^^t '"""an blood Zever STrlsent 

Bflel Description of the Rgures 

,n tt^J^T^ \^^^^ ^ SDS-polyacrylamide gel electrophoretogram showing proteins eluted from oolvure- 
10 thane denvahred according to the present method and from non-derivatized poSrurefhane ' 

T ^'^^^ '"^ ^'""'"9 time of whole blood in "control" glass tubes, in tubes coated with 

Rgure 3 depicts an SDS-polyacrylamide gel electrophoretogram of proteins eluted from ^pth»te« 

thane. The catheters had been previously implanted 24 hours in a mongrel dog. ^^"^"^^ P^^V^'^ 
Detailed Description of the Invention 
2° A. Biocompatible Implantable Prosthetic Device 

^ The present invention provides a biocompatible implantable prosthetic device which is imolantable or 
wh.ch may contact physiological fluids ex vWo. As used herein, the word "biocompatible''Z^s ha^^^^^^ 

.5 o, r TTt "''"9 ^y^*^"^^ ''^^ '^^'■"9 "°"-to>^'o. non-thrombogenlc and nonXl^^g 

25 Of .nflammafon. A -prosthetic device" is intended to mean any artificial part or device which rep aces or 
augments a part of a living body. Examples of prosthetic devices which the presentlnvenZ is ntenSS Z 

v^rSafirbL''"'"' r'"'^'^ '"'"^'^ -^Cs hervat; 

hke_ For a general d«cuss.on of implantable devices and biomaterials from which they can be formed see 
"g^ • ^'^'^ 0^9«"s". Chemical and Enoineerino New. 30-48^^^ 

extern^ tl'Z"lZ.^'!!°" -^'7 ^r^"" ""^^^ physiological fluids 



B. Polymeric Material 



hnH„ ^hT" ''^^'^^ °* ^'^^ P-""^^"* "^prises a solid, shaped, polymeric 

body. The polymenc material from which the body may be formed includes any high motecLla^Soht 

5l?jTe 1"^'°*'''' ''"^ ''''' P'°^^'"9 aids, 'or the Jet^Tyme " 

M^g the polymenc matenals especially useful in the present invention are polyurethanes-^Ke 
elastomers: and polycarbonates. Other polymeric materials which may be useful in tt^e preset 'invention 

SIT T'^''; P'^'V-^'y' -sondes, polyesters, nylons. cellulosicrpX'innyr- 

rohdones. polymethacrylates and polyvinyl alcohols k«j'yvinyi pyr 

polyetr'JL^ITnr'^^^^^^^^ P^^'"' ^9mented 

polyether po yurethanes denved from repeating units of polytetramethylene ether glycol and a mixture of 
rnethylene dnsocyanate and a diol (or diamine) coupler. One such material is commercially avil^ e u,^e 

XethXSS /Tr™' commer?ain^lSte 
S^H H n^.^)'"'!'^^^' '"^'"''^ fr*^"" Elhicon. Inc.. Somerville. N.J.; Estane™ (B F 

InSSl?, ^'h r 2''°^= Tygothane" (Norton Chemical Co.. Akron. Ohio); Superthane™ (Newage 

^c^'j^y,.. "Vi^' "^'""^^p*^"^' "^'"0^ Rubbers 

. srS;:-e~^" r[, s:rpa?.-cSr"' "-^■>= 

rn.,^^."^,.*^ "i'^r "'^ P'-«ser« invention are the medical grade elastomers 

SZs Z;^"^ ""?L-*' T'^'"^ corning Corp.. Midland Mich., in cTean 

Grades Soft. Medium, and Fim,. Another medical grade elastomer is available in paste form under t^e 
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designaHon Medical Adhesive, silicone Type A from Dow Coming Corp 

nnJTT T *e Present Invention are included the bisphenol A polycarbonates 

One such polycarbonate is sold commercially under the designation Lexan™ by General Electric, PItfsfield' 
Mass A commercially available silicone rubber/polycarbonate copolymer suitable for use in the presort 
invention is MEM 213. available from General Electric, Pittsfield. Mass. 

It should be pointed out that the present method of modifying materials with albumin-binding dyes is 
n^l^T , °* PO'y^eric materials: similar modification procedures can be carried out on a 

thriike ^ ® "'^ta's- cellulosics. natural and synthetic fibers, and 

C. Aromatic Albumin-Binding Dyes 

The solid polymeric body of the present invention comprises an albumin-binding dye. Preferably the 
abumin-binding dye comprises an aromatic albumin-binding dye. The aromatic albumin-binding dye 
preferably compnses a diazo dye: a physiologically-acceptable alkali metal salt, alkaline earth metal salt or 
amine salt of said diazo dye: a sulfonic acid dye; a physiologically-acceptable alkali metal salt, alkaline 
earth metal salt, or amine salt of said sulfonic acid dye: or mixtures thereof. 

Arornatic albumin-binding dyes particularly useful in the present invention include Reactive Blue 2 (1- 

^^H^oVJ^ 4)-sulfophenyl]aminoH.3.5-tria2in-2-yl]aminoh3-sulfophenylJamlno>9.10- 
dihydro-9.10-dioxo-2-anthracenesulfonic acid), available from Sigma Chemical Company, a Louis Mis- 

disuHonic acid] tetrasodium salt). (Sigma); Trypan Blue (3,3'-[3.3'-Dimethyl[1.1'-biphenyl]-4,4'diyl)bls(a2o)l- 
S oTI"° hydroxy-2,7-naphthalene disulfonic acid] tetrasodium salt), (Sigma); Bromcresol Green (4 4'. 
S A^:^?r,^K'*^'^'°''^^''''®"^>''''f^'^"^'''''°"'°-^-'"®*^y'P'^«"°l' S.S-dloxide). (Sigma): Bromcresol Purple 
."^ u ®" °^^'y"^®'^^'''®f^*''*'"'°-^'"®'^y'P'^®"0'J S.S-dloxide). (Sigma): Methyl Orange (4-f- 
I(4-dimethylamino) phenyljazojbenzenesulfonic acid sodium salt). (Sigma); 2-{4'-hydroxya2oben2ene)- 

^f!!^™"*' ^ ^^""^^^ ^ ^^^^ Watson. J. Chromatogr aphy. 165-301- 
319 (1979): and mixtures thereof. — 

The albumin-binding dye is preferably integrally contained within and throughout the polymeric body as 
well as on its surface. Alternatively, the dye may be chemically bound to the surface of the solid polymeric 
body, thereby modifying only the surface of the implant. 

D. Dye/Polymer Conjugate 

A preferred embodlmert of the derivatizatlon of polymers with albumin-binding dyes determines the 
way in which the albumin associates with the dye. In order to bind, but not to substantially denature the 
albumin, it is preferable to situate or space the dye some distance from the surface of the polymeric 
matenal. Therefore, a preferred embodiment of the present invention includes a polymeric body comprising 
a conjugate compnsing a physiologically acceptable high molecular weight, water-soluble polymer such as 
a polysacchande or a polypeptide comprising at least one albumin-binding dye. as defined above A water- 
soluble polysaccharide is utilized in order to maximize the extern of surface exposure of the molecules of 
the albumin-binding dye and their ablHty to subsequently interact with albumin. 

A commercially available polysaccharide suitable for use in the present invention is dextran, available 
from Sigma Chemical Company. St. Louis. Missouri. A dextran may be generally defined as a polysaccha- 
nde containing a backbone of D-glucose units linked predominantly a-D(i->6). Dextran with an average 
molecular weight of 40.000. designated as "Dextran 40", is commercially available as Gentran 40™ from 
Baxter Travenol Laboratories. Deertiekl. Illinois; as LMD™ from Abbott Uboratories. North Chicago. Illinois- 
and as Rheomacrodex from Pharmacia Fine Chemicals, Uppsala, Sweden. Dextran with an average 
molecular weight of 75.000, designated "Dextran 75". is commercially available as Gentran 75™ from 
so Barter Travenol Laboratories. DeerfieW. Illinois: and as Macrodex from Pharmacia Fine Chemicals. Uppsala, 

A commercially-available, pre-mlxed form of the conjugate of the present invention is marketed under 
the designation Blue Dextran by Pharmacia Fine Chemicals. Uppsala. Sweden, and is also commercially 
available under the same tradename from Sigma Chemical Company. St. Louis. Missouri. Blue Dextran Is 
prepared from dextran with an average molecular weight of about 2 x 10^ and incorporates approximately 
0.1 mmol of the dye Reactive Blue 2 per gram of dextran. 

Other biocompatible, water-soluble polysaccharides which can be conjugated to albumin-blndlng dyes 
are also useful in the present invention. These include alginates, modified celluloses, modified starches, and 
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hMiJl^ preferred embodiment of the present invention, the dye/polymer conjugate is incorporated into the 
Lt^ rrsT "f • ' '^'9'^ concentrition of the desired dye It L 

^1^. '"k'T.k °' -^o'^^tes exposed to Z 

extent that they can b,nd albumin without substantial denaturation of the bound protein. The dye/po ymer 

Solvents useful m the present invention include N,N-dimethylacetamide (DMAC) and dim^hyl formamidr 
numh^ Z^T -f °«°' ~"j"9«te to solvent to bulk polymer which are used depend on a 

number considerations, including the solubility characteristics of the dye preparation and the bulk 
potymer Of Choice. Preferably, the derivatized polymeric material of the presL invention will be ^epar^ 
o'about 0 5 S^^^^^ a bulk polymer, and a solvent, present respectively in an Initial weight ratio 

Of about 1 .0.5-2.20. more preferably about 1 :0.25-4:40. and most preferably about 1 :0 25-6-60 
mJli^^^ H embodiment of the present invention is that the derlvatization of the 

s^^r£^ I f" ""f P^^P^'^ '^"''^^ "^^r^*" retain modified 

I dv! t T T P«"°^« d""ng in vivo or ex >nyo implantation. FurthentKire. because 

s^t^^^r T T"" '^'"S °" *° s"''^'^)- erosion of tl^e original 

surface will not destroy the unique albumin-binding properties of these materials 

cniin'^lT^"''®'^;*! '^y^^'y^er conjugate may be chemically or ionically bound to the surface of the 
solid polymenc body thereby modifying only the surface of the implant. This can be accomplished by 

tZ^\Ti!rVL ' °' °' PO'y^er ^"d removing the 

?etS wl r ««'"'"'"-W"'^'n9 dye or its conjugates may be chemLly 

rSrfVJ finished polymer. Such a derivaflzation procedure may involve the use of chemical 
« h! K K . ' "^^'^ °' polymers, the use of organosilane couplers has been 

2S descnbed by Ar les, "Silane Coupling Agent Chemistry", pages 54-55. Petrarch Systems Bristol pVn^ 

sylvania, the disclosure of which is incorporated herein by reference. 

E. Physiological Ruids 

The present invention promotes the binding of albumin to a biocompatible prosthetic device when the 
device IS in contact with a physiological fluid containing albumin. Such contact may occur in vitro (ex vivo) 
or inviyo. Examples of the physiological fluids with which the prosthetic device of the pT^inVerSi^n 
may come into contact Include blood, lymph, saliva, urine, tears, and cerebro-spinal fluid 
The invention will be further described by reference to the following detailed examples. 

Example 1. Preparation of Blue Dextran-Derivatized Polvurethane 

A. Preparation of Derivatized Polyurethane Rim 

r^h/ T" ?!"^^^°'^'®*^^"^ ^'^^""'^ ^ 0-32 9 of Blue Dextran (Phamiacia Rne 

Cheniicals. Uppsala, Sweden) in 1.5 ml of pure water. This mixture was then added to 20 q of N N- 
dimethyl«»tamide (DMAC) (Rsher Scientific Company. Pittsburg, Pa.). To this Blue Dextran/solvent 
rjS^'r. ^ Of Pellethane~ 2363-55D polyurethane (Dow Chemical Company, Midland. Michigan) was 
n !r' 7 ■ ^ ^^"^^^ ovemgM to allow solvation of the polyurethane. The solvated Blue 

Dextran/polyurethane mixture was then cast on a Mylar release sheet and dried overnight at 50-0 to 
remove the solvent. The weight of the resultant polyurethane/Blue Dextran compound was found to total at 
least 96% that of the non-solvent components initially added. The resulting derivatized polyurethane film 
was then tested as described below for protein adsorption, selectivity for albumin, thrombogenicity 
interactions with platelets In whole, flowing blood, and adherence of pathogenic bacteria 

B. Assessment of Extent and Durability of the Derivatizatlon of Polyurethane with Blue Dextran 

Additional experimente were performed to determine the durability and stability of the Blue Dextran 
conjugate within the polymer. Samples of the derivatized sheeting prepared as in Part A above were 
incubated in greater than 200 volumes of water or 0.15 M NaCI for 90 days at 37-C. The concentration of 
Blue Dextran which leached out during this period was determined on a mass loss basis. Based upon 
measurement of sample weights before and after incubation, it was determined that less than 1% of the 
Bkie Dextran incorporated into the polyurethane had been leached into either test solution. Direct 
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spectrophotometric analysis of «ie aqueous medium by measurement of optical absorption at 6i6 nm 

rJS^ ^ °* ^'"^ ''^ ^ tyP«s °< analysis indicated that 

the Blue Dextran was strongly incorporated into the polyurethane. 

* C- The Brtent of Surface Adsorp tion of Whole Human Plasma Proteins on Derivatized Polyurethane 

Sanr»ple discs were cut out of the derivatized polyurethane film prepared as in Part A above and out of 
non-denvatized polyurethane film. The surface area of each disk was 1.57 cm^. The derivatized and non- 
donvaftzed control discs were soaked in whole human plasma at 25' C for 3 mins. The plasma had 

10 previously been collected in acid citrate dextrose (ACD) anticoagulant, heated to 56- C for 30 mins to 
inactivate complement, and stored at -20 'C. The discs were then washed in three changes of isotonic NaCI 
solution, with more than 10,000 volumes of solution used in each wash, for a total wash time of 15 mins 

After washing, the discs were removed and placed in 12x75 mm glass culture tubes (Fisher Scientific 
Company. Pittsburgh, Pa.), each containing 1 ml of BCA protein assay reagent (Pierce Chemical Company 

75 Rockford. Illinois). Tubes with discs and assay reagent were incubated for 30 mins at 60*C. The reagent 
was then removed and spectrophotometrically read on a Beckman DU-8 spectrophotometer at a wavelength 
of 562 nm. The results of the spectrophotometric analysis are shown in Table 1. below. 

^ ^' Amounts of Whole Hum;,n Plasma Prorpin ^h kc^^^^ to 

Derxyatized and Non-dPr watized Polv.,r>.rh.^^ ' 

Samples Followino 3 Minutes Incubation at 2'i°r 
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pg Proteins Adsorbed/cm^ of Polyurethane Surface 



30 — 


Derivatized 
Polyurethane 


Non-derivatized 
Polyurethane 




4.78 






5.73 


5.16 


35 


3.82 


6.62 




5.10 


5.16 


40 


3.89 


7.64 




3.63 


6.18 




avg.= 4.49 + 0-84 


avg.= 6.15 



45 



D. The Extent of Surface Adsorption of Purified Albumin on Derivatized Polyurethane 

Sample discs each having a surface area of 1.57 cm^ were cut out of derivatized and non-derivatized 
polyurethane films prepared as in Part A above. The discs were soaked in human serum albumin 
(25g/100ml) at 25-C for 3 mins,. then washed In three changes of Isotonic NaCI solution, with more than 
10.000 volumes, used In each wash, for a total wash time of 15 mins. 

After washing, the discs were removed and placed In 12x75 mm glass culture tubes (Fisher Scientific 
Company. Pittsburgh. Pennsylvania) which contained 1 ml of BCA protein assay reagent (Pierce Chemical 
Company. Rockford, Illinois). Tubes with discs and assay reagent were incubated for 30 mins at 60 'C. 
Reagent was then removed and spectrophotometrically analyzed on a Beckman DU-8 spectrophotometer at 
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a wavelength of 562 nm. The results of this experiment are shown In Table 2. below. 

^ • Ajnounts of Serum Alhnmin AdhP^pm- to 

gamples toiiowinQ 3 Min utes inrnhprT^^^TTT 
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pq Albumin Adsorbed/cm' of Polyurethane Surface 
Derivatized 



Polyurethane 



Non-derivatized 
Polyurethane 



1.78 

^^5- =5-20 avg. = 1.66 
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E SDS Gel Electrophore sis of Eluted Surface-Adsorbed Proteins on Derivatized Polyurethane 

Sample discs each having a surface area of 1.57 cm^ were cut out of derivatized and non-derivatlzed 
polyurethane films prepared as in Part A above. The discs were soaked in whole human plasma at 25 • C for 
3 mins., then washed as in Part D, above. 

After washing, two discs were placed in 12x75 mm glass culture tubes with 100 lambda of Sodium 
dodecyl suiphate-polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer solution. The buffer solu- 
tion consisted of 62.5 mM Tris-HCI: 5% 2-mercaptoethanol (Sigma Chemical Company. St. Louis. Missouri)- 
10/. glycerol (Sigma); and 2.3% sodium dodecyl sulphate (SDS) (Sigma) in water. SDS-polyacrylamide aei 
electrophoresis (SDS-PAGE) was then performed on 50 lambda of buffer solution containing the eluted 
proteins. Following electrophoresis, the gel was stained with Coomassie Brilliant Blue G™ (Sigma) and the 
Identity of the eluted proteins determined by reference to molecular weight standards included on the gel 

As shown In Rgure 1. the results of these experiments indicate that the major protein adsorbed to the 
Blue Dextran-denvatized polyurethane is albumin. By contrast, non-derivatized polyurethane had much less 
adsorbed albumin and proportionately more non-albumin proteins. 

F. Clotting Times of Whole Blood In Contact with Derivatized Polyurethane 

Whole blood clotting times were studied using glass culture tubes coated with derivatized polyurethane 
prepared as in Part A above and with non-derivaUzed polyurethane. The tubes were coated with the 
polyurethanes by dip coating. wHh draining of unadsorbed plastic and drying at 50*C for 24 hours The rate 
at which 1 ml of fresh whole blood clotted in these tubes was measured by determining the time required 
for detectable clot formation to occur after the whole blood was added to the coated tube, as described by 
so Williams et al.. Hematology , 1641 {2nd ed., 1977). 

Figure 2 depicts the clotting time in seconds of the three types of material tested: control (glass tubes) 
non-denvatized polyurethane. and derivatized polyurethane. The results depicted in Figure 2 indicate that 
polyurethane derivatized with Blue Dextran conjugate resists clotting for a significantly greater length of time 
than non-derivatized polyurethane. 
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0. Interactions with Formed Blood Elements 
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Catheters were prepared from the derivatized polyurethane prepared according to Part A above and 
from non-denvatized polyurethane. The catheters were inserted in a Baumgartner apparatus constructed 
according to H. R. Baumgartner. "The Role of Blood Flow in Platelet Adhesion. Fibrin Deposition and 
Formation of Mural Thrombi." Microvasc. Res .. 5. 167-179 (1973). In the Baumgartner apparatus, whole 
citrate-anticoagulated blood, maintained at 37-C. is pumped through a chamber containing the material to 
be tested. In this expenment. blood flow was maintained at a rate of 140 ml/min and a shear rate of 800 
sec- . The temperature of the blood was maintained at 37 -C. The catheters of derivatized and non- 
denvatized polyurethane were placed within the chamber of the Baumgartner apparatus and. after exposure 
to blood flow at the conditions described above for five mins, removed, fixed and stained. 

As shown in Table 3 below, the results of this experiment indicate that large numbers of platelets 
adhered to the non-derlvatized polyurethane. whereas almost no detectable platelets adhered to the Blue 
Dextran-derlvatized polyurethane. It was further observed that the large numbers of platelets which were 
adherent to the control (non-derivatized) material were activated, as indicated by spreading of pseudopodia 
from the cells: those few platelets found on the derivatized polyurethane were, at least by morDholooic 
criteria, not activated. ^ 



Table 3 
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Adherence of Human Platelets to Control and Blue Dextran-Derivatized Polyurethane Under Conditions 

of Flow in a Baumgartner Device 


Material 


Sample No. 


Adherent Platelets per mm^ 


Control 


1 


17.900 




2 


18.900 




3 


26.500 




4 


28,600 






avg. 23.000 


Derivatized 


1 


162 




2 


108 




3 


54 




4 


0 






avg. 81* 



' p < 0.0001 (Student's "t" test, two-tailed) 



40 H. Interactions With Blood Elements In Vivo 

Catheters prepared from control (non-derivatized) and from derivatized polyurethane according to Part A 
above were implanted in a mongrel dog in order to investigate the accumulation of plasma proteins after 24 
hours. Both catheters were surgically implanted as bilateral femoral bypasses in the anesthetized dog 
45 Twenty-four hours after surgery, the animal was sacrificed, the catheters removed, and the loosely adherent 
proteins removed by washing with saline. The polyurethane catheters were then treated with 62.5 mM Tris- 
HCI; 5% 2-mercaptoethanol (Sigma Chemical Company. St. Louis, Missouri); 10% glycerol (Sigma): and 
2.3% sodium dodecyl sulphate (SDS) (Sigma) in water. The eluate was subjected to standard SDS- 
polyacrylamide gel electrophoresis. 

Figure 3 depicts the SDS-polyacrylamide gel electrophoretogram of proteins eluted from the catheters. 
As shown in Figure 3. the results of this experiment indicate that a large number of plasma proteins 
remained adherent to the polyurethane catheter material. However, the polyurethane derivatized with Blue 
Dextran had very few visible protein bands, the predominant one being canine albumin, which is slightly 
smaller than the human protein shown in Figure 1. Note the large number and high concentration of 
proteins present on the surface of the non-derivatized polyurethane catheter (lane 2) compared with the 
small number of proteins present on the surface of the Blue Dextran-derivatized material (lane 3). The outer 
two lanes contain the same molecular weight standards shown on the gel in Figure 1. 
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Interactions with Pathogenic Bacteria 



10 



15 



6jl^il^J,J^r",''"T^ *° *° non-derivatized polymeric materials and to 

fnr, n K f r ^ P°'y"f«*''ane prepared according to Part A above was estimated by measur- 
iliTt SW°*^occus epidermidls. the most frequer,t cause of infectior,s i^so^S 

olnS T^ T.-,¥^^^- " '^'^ '"fe^^d ^^theter. were grown 

centnfugally and washed three times in phosphate buffered saline. 

Following washing, the bacteria were resuspended to a concentration of 7x10«/ml. and small pieces of 

llnL ^^^'^T ""'^ ^"^^ ' ""'^""^ *° 9'^^ '-"""^^d in the bacteria 

suspenson w.th gentle m.x,ng for 30 mins at 25-C. The slides were then washed with four changes of 

cZ:^^^:s. stsoS^^ ^''^^ ^'^'"^^ 

m«,Zi.? 1!^?'"^'*" T^' °' ^""•^"^ P^-" ^""^^ °' °< the various polymeric 

ma er^ls tested. None of the polymeric materials included in Table 4 was derivatired except for 
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Table 4 



Adherence of Staphylococcus epidermidis (Clinical Isolate) to Control and Blue Dextran-Derivatized 
Polyurethane and Other Polymers 



25 



30 



35 



40 



Material 



Pellethane™ 55D (Upjohn) derivatized with Blue Dextran 

Pellethane™ 55D (Upjohn) 

Pellethane™ 75D (Upjohn) 

Pellethane™ 80A (Uphjohn) 

Pellethane™ 80AE (Upjohn) 

Biomer™ (Ethicon) 

Estane™ 5701 (B. F. Goodrich) 

Estane™ 5714 (B. F. Goodrich) 

Lexan^" polycarbonate (General Electric) 

Marlex™ polyethylene HD (Phillips) 

Estrane™ polyester (DuPont) 

Marlex^ polypropylene (Phillips) 

Tecoflex^" (Thermedics) 

Teflon^ (DuPont) 



Bacteria per mm^ 



0* 

5300 
2200 
6700 
1500 
2100 
4000 
3100 
1500 
1400 
4500 
2600 
1700 
900 



50 



65 



*Differs from samples of non-derivatized Pellethane^ 55D. p<0.000i (Student's Y test, two-tailed) 



In the above experiments, additional comparisons were made with other non-derivatized plastics. Most 
of these also accumulated relatively large numbers of bacteria. 

Example II. Derivatization of Other Polymers 



M H. ? .^15^" .""^^ Incorporated into Silastic™ MDX-4-4210 silicone elastomer (Dow Coming, 
Midland. Michigan) and Lexan™ polycarbonate (General Electric. Pittsfield. Mass.). Blue Dextran w^ 
incorporated Into the Silastic as follows: 1.2 g Blue Dextran was mixed with 2.0 g water. This mixture was 
then added to 4.3 g of Silastic™ MDX.4.421O prior to curing. Incorporation of the Blue Dextran into 
polycarbonate was accomplished by dissolving 0.44 g Blue Dextran in 1.58 g water and 34.65 g DMAC 
0.68 g Lexan™ was then dissolved in this solvent system, cast on a Mylar release sheet, and dried 
overnight at 50 • 0. 
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Example III. Derivitization with Free Dye 

Free (i.e.. non-conjugated) Reactive Blue 2 dye (also commercially available as Cibacron Blue) was 
incorporated into Peltethane™ 55D (Upjohn) using the same technique as previously described in Example 
I for Blue Dextran incorporation into Pellethane~ 55D. The following amounts were used: 1.0 g dye 1 10 a 
Pellethane™ 55D. 1 .5 g water and 27 g DMAC (Rsher Scientific, Pittsburg, Pa.). 

Reactive Blue 2 dye was also chemically bonded to the surface of a Biomer™ film (Ethicon) The film 
was plasma treated with ammonium-generating reactive amine groups in order fo place the amine groups 
on the surface of the film, and the dye was then chemically bonded to these reactive groups. 

Reactive Blue 2 dye was also attached to the surfaces of Biomer™ (Ethicon. Somerville NJ) 
Estene 5701 (B. F. Goodrich. Cleveland, Ohio), and Silastic™ (Dow Coming, Midland. Mich.) using' 
tndodecylammonium chloride (TDMAC) as a coupling agent. In the case of Biomer™ and Estane™ 5701 
the dye and TDMAC were added to ethanol. and the dye-TDMAC complex was then swelled into the 
surfaces of the Biomer™ and Estane™ 5701. In the case of silicone, the Reactive Blue 2 dye and TDMAC 
were added to xylene, and the dye-TDMAC complex was then swelled into the silicone surface 

It IS expected that the materials formed by the procedures of Examples II and III will also be effective to 
bind albumin when contacted with physiological or synthetically prepared fluids containing albumin 

The invention has been described with reference to various specific and preferred embodiments and 
techniques. However, it should be understood that many variations may be made while remaining within the 
scope of the invention. 

Claims 

1. A biocompatible prosthetic device comprising a solid polymeric body incorporating an amount of an 
albumin-bmding dye effective to form a coating of endogenous albumin on said device when said 
device is in contact with a physiological fluid containing albumin. 

2. The biocompatible prosthetic device of claim 1 wherein said albumin-binding dye comprises an 
aromatic albumin-binding dye. 

3. The biocompatible prosthetic device of claim 2 wherein said aromatic albumin-binding dye comprises a 
diazo dye; a sulfonic acid dye: or the physiologically-acceptable salts thereof. 

4. The biocompatible prosthetic device of claim 3 wherein said aromatic albumin-binding dye is selected 
from the group consisting of Reactive Blue 2, Evans Blue. Trypan Blue, Bromcresol Green. Bromcresol 
Purple. Methyl Orange. 2-(4'-hydroxyazobenzene)benzoic acid. Procion red HE SB and mixtures 
thereof. 

5. The biocompatible prosthetic device of claim 1 wherein said polymeric body comprises a conjugate 
compnsing said albumin-Wnding dye and a physiologically-acceptable water-soluble polysaccharide. 

6. The biocompatible prosthetic device of claim 5 wherein said polysaccharide comprises dextran. 

7. The biocompatible prosthetic device of claim 6 wherein said albumin-binding dye comprises an 
aromatic albumin-binding dye. 

a The biocompatible prosthetic device of claim 7 wherein said aromatic albumin-binding dye comprises a 
dia2o dye; a sulfonic acid dye; or the physiologically acceptable salts thereof. 

9. The biocompatible prosthetic device of claim 8 wherein said aromatic albumin-binding dye is selected 
from the group consisting of Reactive Blue 2. Evans Blue. Trypan Blue. Bromcresol Green. Bromcresol 
Purple. Methyl Orange. 2-(4'-hydroxyazoben2ene)ben20ic acid. Procion red HE 3B and mixtures 
thereof. 

m The biocompatible prosthetic device of claim 1 wherein said solid polymeric body comprises a 
polyurethane. a silicone elastomer, a polycarbonate, or mixtures thereof. 
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11. The biocompatible prosthetic device of claim 10 wherein said polyurethane comprises a polyether 
polyurethane. f f t 

12. The biocompatible prosthetic device of claim 10 wherein said silicone elastomer comprises a medical 
grade elastomer. 

ia TTie biocompatible prosthetic device of claim 1 wherein the endogenous albumin is human serum 
albumin. 

14. The biocompatible prosthetic device of claim 1 wherein said device is a catheter. 

15. The biocompatible prosthetic device of claim 1 wherein said device is a heart valve. 

16. The biocompatible prosthetic device of claim 1 wherein said device is a vascular graft. 

17. The biocompatible prosthetic device of claim 1 wherein the physiological fluid is blood, lymph saliva 
urine, tears or cerebro-spinal fluid. 

ia A polymeric body comprising an amount of a conjugate comprising: 

a) an albumin-binding dye; and 

b) a physiologically-acceptable water-soluble polymer; 

wherein said amount of the conjugate Is effective to bind albumin to a surface of said polymeric body. 

19. The polymeric body of claim 18 wherein said physiologically-acceptable water-soluble polymer com- 
prises a polysaccharide. 

20. The polymeric body of claim 19 wherein said polysaccharide comprises dextran. 

21. The polymeric body of claim 18 wherein said polymeric body is a coating on a biocompatible 
prosthetic device. 

22. The polymeric body of claim 18 wherein said polymeric body is cast or molded into a biocompatible 
prosthetic device. 

23. The polymeric body of claim 18 wherein said polymeric body is a thin film. 

24. The polymeric body of claim 18 wherein said polymeric body is a tube. 

25. The polymeric body of claim 18 therein said polymeric body is a bead. 

26. The polymeric body of claim 18 wherein said polymeric body is a coating on a capsule. 

27. The polymeric body of claim 18 wherein said albumin-binding dye comprises an aromatic albumin- 
binding dye. 

2a The polymeric body of claim 27 wherein said aromatic albumin-binding dye comprises a diazo dye; a 
sulfonic acid dye; or the physiologically acceptable salts thereof. 

29. The polymeric body of claim 28 wherein said aromatic albumin-binding dye is selected from the group 
consisting of Reactive Blue 2. Evans Blue. Trypan Blue. Bromcresol Green. Bromcresol Purple. Methyl 
Orange, 2-(4'.hydroxyazoben2ene)ben20ic acid. Procion red HE 3B. and mixtures thereof. 

30. A method of increasing the albumin-binding ability of a prosthetic device comprising a solid polymeric 
body, said method comprising the step of: 

a) incorporating into said solid polymeric body an amount of an albumin-binding dye; 
wherein the amount of the albumin-binding dye is effective to form a coating of endogenous albumin on 
a surface of said polymeric body when the surface is in contact with a physiological fluid containino 
albumin. ^ 
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31. The method of claim 30 wherein the albumin4)indlng dye comprises an aromatic albumin-binding dye. 

32. The method of claim 31 wherein the aromatic albumin-binding dye comprises a diazo dye; a sulfonic 
acid dye; or the physiologically acceptable salts thereof. 

33. The method of claim 32 wherein the aromatic albumin-binding dye is selected from the group 
consisting of Reactive Blue 2. Evans Blue, Trypan Blue. Bromcresol Green. Bromcresol Purple, Methyl 
Orange. 2-(4'-hydroxyazobenzene)ben2oic acid. Procion red HE 3B, and mixtures thereof. 

34. The method of claim 30 wherein the physiological fluid is blood, lymph, saliva, urine, tears, or cerebro- 
spinal fluid. 



Patentanspiiiche 



1. Biokompatible prothetische Vonrichtung. umfassend einen festen polymeren Korper. der einen Anteil 
eines Albumin-bindenden Farbstoffes enthalt. der zur Ausbildung eines Uberzugs aus endogenem 
Albumin auf der Vorrichtung wirksam ist, wenn diese -Vorrlchtung in Kontakt mit einer Albumin 
enthaltenden physiologischen FlOssigkeit ist. 

2. Biokompatible prothetische Vorrichtung nach Anspruch 1, wobei der Albumin-bindende Farbstoff einen 
aromatischen Albumin-bindenden Farbstoff umfaBt. 

3. Biokompatible prothetische Vorrichtung nach Anspruch 2, wobei der aromatische Albumin-bindende 
Farbstoff einen Diazofarbstoff. einen Sulfonsaurefarbstoff Oder deren physiologisch annehmbare Saize 
umfaBt. 



\. Biokompatible prothetische Vorrichtung nach Anspruch 3, wobei der aromatische Albumin-bindende 
Farbstoff aus der aus Reaktivblau 2. Evans-Blau. Trypan-Blau. Bromcresol-GrOn. Bromcresol-Purpur. 
Methylorange. 2-{4'-Hydroxyazobenzol)-benzoesaure, Procion-Rot HE 3B und Gemischen dieser beste- 
henden Gruppe ausgewahit ist 



5. Biokompatible prothetische Vorrichtung nach Anspruch 1. wobei der polymere Korper ein Konjugat 
umfaet, welches den Albumin-bindenden Farbstoff und ein physiologisch annehmbares wasserlosliches 
Polysaccharid enthalt. 

6. Biokompatible prothetische Vorrichtung nach Anspruch 5. wobei das Polysaccharid Dextran umfaBt. 

7. Biokompatible prothetische Vorrichtung nach Anspmch 6. wobei der Albumin-bindende Farbstoff einen 
aromatischen Albumin-bindenden Farbstoff umfaBt. 

8. Biokompatible prothetische Vorrichtung nach Anspruch 7, wobei der aromatische Albumin-bindende 
Farbstoff einen Diazofarbstoff, einen Sulfonsaurefarbstoff oder physiologisch annehmbare SaIze dieser 
umfaBt. 

9. Biokompatible prothetische Vorrichtung nach Anspruch 8. wobei der aromatische Albumin-bindende 
Farbstoff aus der aus Reaktivblau 2. Evans-Blau. Trypan-BIau. Bromcresol-Grun. Bromcresol-Purpur. 
Methylorange, 2-(4*-Hydroxyazobenzol)-benzoesaure. Procion-Rot HE 3B und Gemischen dieser beste- 
henden Gruppe ausgewahit ist. 



10. Biokompatible prothetische Vorrichtung nach Anspruch 1, wobei der teste polymere Korper ein 
Polyurethan. ein Silicon-Elastomer, ein Polycartx)nat Oder Gemische dieser umfaBt. 

11. Biokompatible prothetische Vorrichtung nach Anspruch 10. wobei das Polyurethan ein Polyetherpolyu- 
rethan umfaBt. 

1^ Biokompatible prothetische Vorrichtung nach Anspruch 10. wobei das Silicon-Elastomer ein Elastomer 
fur medizinischen Gebrauch umfaBt. 
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ia Blokompatible prothetische Vorrichtung nach Anspruch 1. wobei das endogene Albumin menschllches 
Serumalbumin ist. 

14. Blokompatible prothetische Vorrichtung nach Anspruch 1. wobei die Vorrichtung ein Katheter Ist. 
16, Biokompatible prothetische Vorrichtung nach Anspruch 1, wobei die Vorrichtung eine Herzklappe Ist. 

16. Biokompatible prothetische Vorrichtung nach Anspruch 1. wobei die Vorrichtung ein Gefafitransplantat 
ist. 

17. Blokompatible prothetische Vorrichtung nach Anspruch 1. wobei die physiologlsche ROssigkeit Blut, 
Lymphe. Speichel. Urin, TranenflQssigkeit oder CerebrospinalflQssigkeit ist. 

ia Polymerer Korper. der einen Anteil eines Konjugats enthalt. welches umfaBt: 

a) einen Albumln-bindenden Farbstoff und 

b) ein physiologisch annehmbares wasserlosllches Polymer. 

wobei der Anteil des Konjugats wirksam zum Binden von Albumin an eine Oberflache des polymeren 
Korpers ist. 

19. Polymerer Korper nach Anspruch 18, wobei das physiologisch annehmbare wasserlosllche Polymer ein 
Polysaccharid umfaBt. 

20. Polymerer Korper nach Anspruch 19, wobei das Polysaccharid Dextran umfaSt. 

21. Polymerer Korper nach Anspruch 18. wobei der polymere K6rper einen Uberzug auf einer biokompati- 
blen prothetischen Vorrichtung darsteltt. 

22. Polymerer Korper nach Anspruch 18, wobei der polymere Korper zu einer biokompatiblen protheti- 
schen Vorrichtung vergossen oder verformt ist. 

23. Polymerer Korper nach Anspruch 18. wobei der polymere Korper ein dOnner Film ist. 

24. Polymerer Korper nach Anspruch 18. wobei der polymere Korper ein Rohr ist. 

25. Polymerer Korper nach Anspruch 18. wobei der polymere Korper in Form von Kornem voriiegt. 

26. Polymerer Korper nach Anspruch 18, wobei der polymere Korper ein Uberzug auf einer Kapsel ist. 

27. Polymerer Korper nach Anspruch 18, wobei der Albumin-bindende Farbstoff einen aromatischen 
Albumin-blndenden Farbstoff umfaBt. 

28. Polymerer Korper nach Anspruch 27, wobei der aromatische Albumln-bindende Farbstoff einen Diazo- 
farbstoff. einen SuHonsaurefarbstoff oder physiologisch annehmbare Saize dieser umfaBt. 

29. Polymerer Korper nach Anspruch 28, wobei der aromatische Albumin-bindende Farbstoff aus der aus 
Reaktivblau 2, Evans-Blau, Trypan-Blau, Bromcresol-GrGn, Bromcresol-Purpur. Methylorange. 2-(4'- 
Hydroxyazobenzol>benzoesaure, Procion-Rot HE 3B und Gemischen dieser bestehenden Gruppe 
ausgewahlt ist. 

30. Verfahren zum Erhohen der Albumln-Bindefahigkeit einer prothetischen Vorrichtung. die einen festen 
polymeren Korper umfaBt, wobei die Methode die Stufe 

a) des EInverleibens eines Anteils eines Albumin-bindenden Farbstoffes in den festen polymeren 
Korper umfaBt, 

wobei der Anteil des Albumin-bindenden Farbstoffes wiri<sam ist. einen Uberzug aus endogenem 
Albumin auf einer Oberflache des polymeren Korpers auszubllden. wenn die Oberflache in Kontakt mit 
einer Albumin enthaltenden physiologischen Flussigkeit steht. 
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4. 



31. Verfahren nach Anspruch 30. wobei der Albumln-bindende Farbstoff einen aromatischen Albumin- 
bindenden Farbstoff umfaBt. 

32. Verfahren nach Anspruch 31. wobei der aromatische Albumin-bindende Farbstoff einen Diazofarbstoff 
einen Sulfonsaurefarbstoff oder physiologisch annehmbare Saize dieser umfaBt. 

33. Verfahren nach Anspruch 32, wobei der aromatische Albumin-bindende Farbstoff aus der aus Reaktiv- 
bfau 2. Evans-Biau, Trypan-Blau, Bromcresol-GrUn, Bromcresol-Purpur. Methylorange. 2.(4*-Hydro)(ya- 
2obenzoI).ben2oesaure, Procion-Rot HE 3B und Gemischen dieser bestehenden Gruppe ausgewShlt 

34. Verfahren nach Anspruch 30. wobei die physiologische FIQssigkeit Blut. Lymphe, Speichel Urin 
Tranenflussigkeit Oder CerebrospinafflUssigkeit ist. 

Revendfcations 

1. Un dispositif proth^tique biocompatible comprenant un corps polymere solide contenant une quantity 
de colorant liant I'albumine efficace pour former une couche d'albumine endogene sur ledit dispositif 
lorsque ledit dispositif est en contact avec un liquide physiologique contenant de Talbumine. 

2. Le dispositif prothetique biocompatible de la revendicatlon 1. dans lequel ledit colorant liant ralbumine 
comprend un colorant aromatlque liant I'albumine. 

3. Le dispositif prothetique biocompatible de la revendicatlon 2, dans lequel ledit colorant aromatique liant 
I'albumine comprend un colorant diazoTque ; un colorant aclde sulfonique ; ou leurs seis physioloqiaue- 
ment acceptables. 

Le dispositif prothetique biocompatible de la revendicatlon 3. dans lequel ledit colorant aromatique liant 
I'albumine est choisi dans le groupe forme par le bleu reactif 2. le bleu Evans, le bleu Trypan, le vert 
de bromocresol. le pourpre de bromocresol. le methylorange. I'acide 2-(4'-hydroxyazoben2ene)- 
benzoTque, le rouge Procion HE 3B et leurs melanges. 

Le dispositif prothetique biocompatible de la revendicatlon 1. dans lequel ledit corps polymere 
comprend un conjugue comprenant ledit colorant liant I'albumine et un polysaccharide hydrosoluble 
physiologiquement acceptable. 

Le dispositif prothetique biocompatible de la revendicatlon 5, dans lequel ledit polysaccharide com- 
prend du dextran. 

Le dispositif prothetique biocompatible de la revendicatlon 6, dans lequel ledit colorant liant ralbumine 
comprend un colorant aromatique liant ralbumine. 

Le dispositif prothetique biocompatible de la revendicatlon 7. dans lequel ledit colorant aromatique liant 
I'albumine comprend un colorant diazoTque ; un colorant aclde sulfonique ; ou leurs sels physiologique- 
ment acceptables. 

Le dispositif prothetique biocompatible de la revendication 8. dans lequel ledit colorant aromatique liant 
ralbumine est choisi dans le groupe formS par le bleu rdactif 2. le bleu Evans, le bleu Trypan, le vert 
de bromocresol. ie pourpre de bromocresol. le methylorange. racide 2-(4'-hydroxyazobenzene)- 
benzo'ique, le rouge Procion HE 3B et leurs melanges. 

10. Le dispositif prothetique biocompatible de la revendication 1. dans lequel ledit corps polymere solide 
comprend un polyurethanne. un 6lastomfere de silicone, un polycarbonate ou un melange d'entre eux. 

11. Le dispositif prothetique biocompatible de la revendication 10. dans lequel ledit polyurethanne com- 
prend un polyether-polyurethanne. 



7, 



9. 
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1Z Le dispositif prothetique biocompatible de la revendicaUon 10. dans lequel ledit glastomfere de silicone 
comprend un diastomfere de quality m^dicale. 

13. Le dispositif prothetique biocompatible de la revendication 1. dans lequel I'albumine endogene est la 
s serum-albumine humaine. 

14. Le dispositif prothetique biocompatible de la revendication 1. dans lequel ledit dispositif est un catheter. 

15. Le dispositif prothetique biocompatible de la revendication 1. dans lequel ledit dispositif est une valve 
10 cardiaque. 

16. Le dispositif prothetique biocompatible de la revendication 1. dans lequel ledit dispositif est un greffon 
vasculaire. 

15 17. Le dispositif prothetique biocompatible de la revendication 1. dans lequel le llqutde physiologlque est le 
sang, la lymphe, la salive. I'urine. les larmes ou le iiquide cephalo-rachidien. 

ia Un corps polymere comprenant une certaine quantite d'un conjugue comprenant : 
a) un colorant liant I'albumine ; et 
20 b) un polymere hydrosoluble physiologiquement acceptable ; 

dans lequel ladite quantite du conjugue est efficace pour lier I'albumine a une surface dudit corps 
polymere. *^ 

19. Le corps polymere de la revendication 18, dans lequel ledit polymere hydrosoluble physiologiquement 
25 acceptable comprend un polysaccharide. 

20. Le corps polymere de la revendication 19. dans lequel ledit polysaccharide comprend du dextran. 

21. Le corps polymere de la revendication 18. dans lequel ledit corps polymere est un revetement present 
30 sur un dispositif prothetique biocompatible. 

22. Le corps polymere de la revendication 18. dans lequel ledit corps polymere est coule ou moule en un 
dispositif prothdtlque biocompatible. 

36 2a Le corps polymfere de la revendication 18. dans lequel ledit corps polymere est une pellicule mince. 

24. Le corps polymere de la revendication 18, dans lequel ledit corps polymere est un tube. 

25. Le corps polymere de la revendication 18, dans lequel ledit corps polymere est une perle. 

40 

26. Le corps polymere de la revendication 18, dans lequel ledit corps polymere est un revetement present 
sur une capsule. 

27. Le corps polymere de la revendication 18, dans lequel ledit colorant liant ralbumrne comprend un 
45 colorant aromatique liant I'albumine. 

2a Le corps polymere de la revendication 27, dans lequel ledit colorant aromatique liant I'albumine 
comprend un colorant diazoVque ; un colorant acide sulfonique : ou leurs sels physioloqrquement 
acceptables. 



50 
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29. Le corps polymere de la revendication 28, dans lequel ledit colorant aromatique liant I'albumine est 
choisi dans le groupe forme par le bleu reactif 2, le bleu Evans, le bleu Trypan, le vert de bromocresol 
le pourpre de bromocresol. le methylorange. Tacide 2-(4'-hydroxya2obenzene)benzo'ique, le rouge 
Procion HE 3B et leurs melanges. 

30. Un precede pour augmenter la capacite de liaison de ralumine a un dispositif prothetique comprenant 
un corps polymere solide, ledit precede comprenant I'^tape de : 
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a) incorporation audit corps polymere solide d'une certaine quantite d'un colorant liant I'albumine • 
la quantite du colorant liant I'albumine etant efficac© pour former une couche d'albumine endogene sur 
une surface dudit corps polymere lorsque la surface est en contact avec un liquide physiologique 
contenant de I'albumine. k » v^h 

31. Le precede de la revendication 30, dans lequel le colorant liant Talbumine comprend un colorant 
aromatique liant I'albumine. 

32. Le precede de la revendication 31, dans lequel le colorant aromatique liant I'albumine comprend un 
colorant diazol^ue : un colorant acide sulfonique : ou leurs sels physiologiquement acceptables. 

33. Le precede de la revendication 32, dans lequel le colorant aromatique liant I'albumine est choisi dans le 
groupe forme par le bleu r^actif 2, le bleu Evans, le bleu Trypan, le vert de bromocr^sol. le pourpre de 
bromocr^sol, le mdthylorange, I'acide 2-(4'-hydroxyazoben26ne)benzoTque, ie rouge Procion HE 3B et 
leurs melanges. 

34. Le procddg de la revendication 30. dans lequel le liquide physiologique est le sang, la lymphe la 
salive. Purine, les larmes ou le liquide c4phalo-rachidien. 
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FIG. 2 
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